There are only a few published reports describing the pathology of regional lymph nodes from patients with silicone breast implants. Systematic analytical chemical verification of foreign material has not previously been reported. In this study, biopsies of regional lymph nodes from 96 patients with breast implants were studied using conventional histology as well as laser-Raman microprobe spectroscopy and Fourier transform infrared microspectroscopy. Lymph nodes from 12 patients without implants served as negative controls. Foamy macrophages, ranging from rare scattered cells to confluent sheets, were observed in sections of lymph nodes from 91 patients with implants and only rare foamy macrophages were observed in sections from 4 patients without implants. Refractile material consistent with silicone was observed in sections from 86 patients with implants and in no sections from patients without implants. Fragments of foreign material consistent with polyurethane were observed in sections from 16 patients with implants and in no sections from patients without implants. Using spectroscopy, the presence of silicone was confirmed in 71 patients with implants, and the presence of polyurethane was confirmed in 2 patients with implants. Spectroscopy was negative for silicone and polyurethane in all patients without implants. In summary, regional lymph nodes from patients with breast implants often have histologic evidence of silicone migration. Characteristic histologic findings include foamy macrophages and refractile droplets of clear material. Polygonal fragments of polyurethane were observed in lymph nodes from a number of patients. This finding has not been previously reported. The presence of silicone and polyurethane was confirmed using confocal laser-Raman microprobe and Fourier transform infrared microspectroscopy. Other than two prior case reports, this is the first confirmatory evidence of silicone migration to lymph nodes in patients with breast implants and this is the first confirmatory report of polyurethane migration to lymph nodes.
S ilicone gel-filled breast implants have been used for breast reconstruction following mastectomy and for breast augmentation for more than 40 years. These prostheses have undergone a number of modifications over time, mostly in an attempt to optimize the cosmetic result. The original Cronin implant had a relatively thick shell and its contents were a highly viscous gel, resulting in a relatively firm breast. The introduction of the thin-walled shell and a more fluid gel was reported to improve the consistency of the surgically modified breast. However, long-term follow-up of many of the patients who had the revised implants disclosed a relatively high frequency of capsular contracture, a complication consisting of rubbery firmness and, in some cases, visible distortion of the breast. Polyurethane-coated implants were introduced in 1970 in an attempt to prevent capsular contracture. 2 Silicone gel can escape from its confines within the silastic envelope and can be deposited in the fibrous tissue or capsule that forms around a breast implant. The identity of silicone in the capsular tissue has been confirmed by a number of analytical methods including Fourier transform infrared (FTIR) spectroscopy, 15, 28 laser-Raman spectroscopy, 17 and gas chromatography/mass spectroscopy. 34 By light microscopy, silicone within the capsule appears as droplets of refractile, unstained material. 47 With time, the polyurethane film coating implants typically degrades and can also become embedded in the capsular tissue. 16, 57, 58 Particles from the polyurethane coating typically appear as polygonal fragments of refractile material. 16, 31 The identity of polyurethane in capsular tissue has also been confirmed using FITR spectroscopy. 16 Morphologic changes in regional lymph nodes from patients with silicone breast implants, collectively designated silicone lymphadenopathy, were first described in 1978 by Wintsch et al, 65 Hausner et al, 29 and Capozzi et al. 14 They all noted the presence of vacuoles and pseudocysts containing refractile, nonstaining, nonpolarizable material, presumably silicone, in a cellular background that contained histiocytes and multinucleated giant cells with vacuolated cytoplasm. More recently, there have been additional case reports, 30, 35, 39, 41, 42, 48, 49, 53, 54, 60, 62 and in 1988 Truong et al 61 reported a series of 9 cases of silicone lymphadenopathy involving patients with breast implants. In addition to describing the histologic features, they also used energy-dispersive x-ray elemental analysis to confirm the presence of the element silicon in 7 of their cases. In 1995, Kulber et al 38 reported a series of 23 patients with silicone implants who had palpable axillary lymphadenopathy and who subsequently underwent axillary lymph node biopsy. In addition to changes of silicone lymphadenopathy that were seen in all of those patients, 7 of those patients also had metastatic breast cancer. The histologic features of silicone lymphadenopathy were only briefly discussed in that report. To our knowledge, the presence of molecular silicone in regional lymph nodes of patients with breast implants has been confirmed spectroscopically in only two prior case reports. 35, 65 In this report, we describe the histologic features of silicone lymphadenopathy in regional lymph nodes from a large series of patients with silicone breast implants. Included in this series are a significant number of patients with polyurethane-coated breast implants. We found fragments of polyurethane in lymph nodes from 16 different patients. Confocal laser-Raman microprobe (CLRM) and FTIR were both used to confirm the presence of silicone and polyurethane in sections from the lymph nodes.
MATERIALS AND METHODS

Case Materials
The study was based on an evaluation of lymph nodes from 96 patients with silicone gel-filled breast implants and 12 ''control'' patients without implants. In almost all of the patients with implants, lymph nodes potentially containing silicone were identified by ultrasound. Lymph node biopsies were performed in these patients based on their concern about possible adverse effects of silicone on their health and their desire to remove all residual silicone following implant removal. In some cases, the patients complained of axillary tenderness. All patients were female. The patients with implants ranged in age from 29 to 66 with a mean age of 47.5 years (SD = 8.1 years). A significant number of the patients with implants had multiple sets of implants. The time from insertion of the first known implants to lymph node biopsy in these patients ranged from 1 year to 30 years. The median period of time that the patients had implants was 11 years (mean, 12.2 years). In all of these patients, the silicone implants were removed either prior to or at the same time as the lymph node biopsy. In 47 (49%) of these patients one or both of the implants had visible evidence of rupture. Axillary, internal mammary/intercostal, retropectoral, rotter, supraclavicular, intramammary, and abdominal wall lymph nodes were biopsied from patients with implants: 86% of those were from the axilla. The control patients ranged in age from 32 to 75 with a mean age of 49.9 years (SD = 12.1 years). Nine of 12 of the control patients had axillary lymph node biopsy for staging of breast cancer. One of the control patients had an intramammary lymph node biopsy at the time of surgery to rule out local recurrence of breast cancer. One of the control patients had a lymph node biopsy at the time of breast reconstruction surgery following mastectomy for breast cancer. The final control patient had a lymph node biopsy at the time of breast reduction surgery. Axillary, internal mammary, and intramammary lymph nodes were biopsied from control patients: 88% of those were from the axilla. Lymph nodes were fixed in neutral-buffered formalin and embedded in paraffin using a tissue-Tek VIP processor that included dehydration through graded alcohol and xylene.
The patients with silicone breast implants had a variety of different types of prostheses. Many patients had multiple sets of different types of implants. The types of implants removed at the time of lymph node biopsy (or the most recent types in patients who had prior implant removal) were as follows: single lumen, smooth surface gel (n = 29); single lumen, smooth surface saline (n = 1); single lumen, textured surface gel (n = 5); single lumen, textured surface saline (n = 7); single lumen gel with Dacron patch (n = 6); single lumen gel with polyurethane coating (n = 36); and double lumen, smooth surface (n = 6). In 1 patient the right and left implants were different types and in 7 patients the type was unknown. Device manufacturers included Dow Corning, Heyer-Schulte, Mentor, McGhan, Aesthetech, Cox-Uphoff, Medical Engineering Corporation/Surgitek, and Bristol-Myers Squibb.
Light Microscopy
Four-to six-micron sections were stained with hematoxylin and eosin. The presence and degree or absence of the following histologic features were assessed: 1) foamy macrophages (estimate of the percent area of the node effaced); 2) plasma cells (absent, present, or marked); 3) sarcoid-like granulomas (absent, present, or marked); 4) giant cells (absent, present, or marked); 5) follicular hyperplasia (follicles absent, follicles present, follicular hyperplasia); 6) sinus histiocytosis (absent, present, or marked); 7) refractile material morphologically consistent with silicone (absent, present, or marked); and 8) refractile material morphologically consistent with polyurethane (absent or present). Slides from a total of 361 paraffin blocks were evaluated including 35 from the control patients. To achieve consistency, the histologic evaluation in all cases was performed by a single observer (W.E.K.) and was conducted in a blinded fashion, without knowledge of the name or implant status of the patients (all data were initially recorded according to the surgical pathology accession number).
Microspectroscopy of Lymph Node Tissues
CLRM was performed on sections from lymph nodes using a LabRam spectrograph (JY Hobira and Dilor, France). The instrument is equipped with a He:Ne laser having an excitation wavelength of 632 nm. The optical unit permits ordinary light viewing as well as illumination of the sample by laser light. A high stability BX 40 Olympus microscope was used: 103, 503, and 1003 objectives were used to view the sample using ordinary light and the 1003 objective was used to collect Raman spectral images. The confocal characteristics of the microscope were provided by an adjustable confocal hole (range, 100-1000 mm), which allows for reduction of stray light and laser plasma lines. The spectrograph consisted of two gratings mounted on the same shaft blazed at 1800 grooves/nm (holographic) and 950 grooves/nm, and a charge-couple detector with an active detector window of 1024 3 256 pixels. This instrument when interfaced with the BX 40 Olympus microscope is capable of providing spatial resolution of approximately 1 mm. FTIR microspectroscopy was conducted employing a Nicolet instrument (Model micro-IR FTIR). The spectroscopic analysis was also conducted without knowledge of the implant status of the patients.
RESULTS
In patients with silicone gel-filled breast implants, the general lymph node morphology varied from one case to another. In some lymph nodes the architecture was preserved, whereas in others there was nearly complete effacement of the normal lymphoid tissue. In most cases, there was at least a minor degree of sinus histiocytosis. Prominent follicular hyperplasia was uncommon. Regional lymph nodes from patients with silicone breast implants frequently contain foamy macrophages: cells with relatively abundant, finely vacuolated cytoplasm ( Fig. 1 ). Foamy macrophages were identified in 294 of the 326 sections of lymph nodes from 91 of the 96 patients with breast implants. The number of foamy macrophages varied greatly from only a few rare cells to confluent sheets of cells that extensively replaced the normal lymphoid tissue. In the patients with implants, the average area of the lymph node replaced by foamy macrophages was 24%. Rare, isolated foamy macrophages were seen in only 5 of the 35 sections of lymph nodes from 4 of the 12 control patients without implants. Multinucleated giant cells (Fig. 2) , sometimes associated with large vacuoles, were seen in 135 of the 326 sections of lymph nodes from patients with implants and in none of the sections from the controls. Refractile droplets of unstained foreign material consistent with silicone ( Fig. 2) were seen in 267 of the 326 sections of lymph nodes from 86 of the 96 patients with implants and in none of the sections from the controls. Tiny droplets of refractile material were sometimes noted in the fine vacuoles of foamy macrophages. Larger droplets or irregular fragments of refractile material were generally present in large vacuoles that may or may not have been associated with multinucleated giant cells. The presence of sarcoid-like granulomas (Fig. 2) was an infrequent histologic finding, seen in only 6 sections of lymph nodes from 5 patients with implants and in none of the sections from control patients. Prominent sinus histiocytosis was present in 52 sections of lymph nodes from patients with implants and in none of the controls. Fragments of foreign material consistent with polyurethane ( Fig. 1) were seen in 33 sections of lymph nodes from 16 different patients with implants. All but 2 of those patients were known to have polyurethane coated implants. Those 2 remaining patients had multiple sets of implants, some of unknown type. The presence of polyurethane was confirmed spectroscopically in both of those two patients. Polyurethane fragments were not seen in any of the control sections. Prominent plasmacytosis was seen in only three sections from 2 different patients, both with implants. Prominent follicular hyperplasia was seen in 15 sections, all of lymph nodes from patients with implants.
CLRM and/or FTIR spectra characteristic of silicone ( Fig. 3) were observed using sections from 191 of the paraffin blocks of lymph nodes from 71 of the 96 patients with breast implants. None of the control lymph nodes was positive for silicone. CLRM spectra characteristic of polyurethane ( Fig. 3) were observed in sections from two paraffin blocks of lymph nodes from 2 different patients with breast implants and in none of the control lymph nodes.
DISCUSSION
Patients with silicone gel-filled breast implants may have histologic and spectroscopic evidence of silicone in regional lymph nodes. The large number of patients in this study indicates that this phenomenon is not rare. Histologic features that are frequently present include partial replacement of the lymphoid tissue by foamy macrophages, the presence of refractile unstained amorphous material consistent with silicone, and multinucleated giant cells that are often associated with large vacuoles. Based on the observation of rare foamy macrophages in lymph nodes from 4 of the control patients, the effacement of at least 5% of the area of a lymph node by foamy macrophages is proposed as a histologic criterion for the diagnosis of silicone lymphadenopathy. Admittedly, this cutoff is somewhat arbitrary and in patients with a known history of silicone gel breast implants, even a few scattered foamy macrophages should be considered suggestive of the diagnosis. Based on the 5% cutoff, 84% (81 of 96) of the patients with implants had histologic evidence of silicone lymphadenopathy. Refractile, clear material was not observed in any of the sections from control patients, and therefore, in patients with a known history of silicone gel breast implants, this is another reliable criterion for the diagnosis of silicone lymphadenopathy. This feature was observed in histologic sections from 90% (86 of 96) of the patients with implants. There was only 1 patient with greater than 5% foamy macrophages in whom refractile material was not seen; therefore, using either criterion, a total of 91% (87 of 96) of the patients with implants had histologic evidence of silicone lymphadenopathy.
Patients with polyurethane-coated breast implants may have polygonal fragments of degraded polyurethane foam in regional lymph nodes. Polyurethane fragments were identified in lymph nodes from 14 (40%) of the 35 patients known to have polyurethane-coated implants. This finding has not been previously reported, although a photomicrograph in the case report by Vaamonde et al 62 illustrates a particle within a lymph node that is probably polyurethane.
The presence of silicone was confirmed in 74% of the patients using CLRM and/or FTIR-microspectroscopy. Spectroscopic confirmation of molecular silicone in lymph nodes from patients with breast implants has been reported previously in only 2 patients. 35, 65 Using energy dispersive x-ray elemental analysis, Truong et al 61 found elemental silicon in 7 patients with silicone lymphadenopathy as did Tabatowski et al 60 in 1 patient. McConnell et al 41 also confirmed the presence of elemental silicon in 1 patient with silicone lymphadenopathy using inductively coupled plasma emission spectroscopy. The presence of polyurethane was confirmed using CLRM in 2 of our cases. The decreased sensitivity of spectroscopy relative to routine histology may be due to the limited area of the lymph node sections that were evaluated using either CLRM or FITR spectroscopy-microspectroscopy. The spectroscopic evaluation was applied to multiple selected small areas in the lymph node sections. We have conducted limited studies using chemical imaging CLRM (Nnayakkara P, Centeno JA, and Katzin WE, manuscript in preparation). Based on our results, this method is more sensitive, as would be expected for a scanning technique. It is also likely that routine tissue processing removes a significant amount of silicone prior to embedding the tissue in paraffin. 41 In addition to silicone gel-filled breast implants, there are other types of synthetic prostheses that are known to cause silicone lymphadenopathy. Christie et al 18 were the first to describe silicone lymphadenopathy in a patient with a silicone elastomer joint prostheses. Subsequent reports of this variant of silicone lymphadenopathy have included patients with implants involving metacarpophalangeal and interphalangeal joints of the hand, 1, 4, 8, 22, 27, 36, 43, 44 metatarsophalangeal joints, 45, 49 and the temporomandibular joint. 23 The predominant histologic finding, noted in each of the reported cases of silicone lymphadenopathy associated with silicone elastomer joint prostheses, is the presence of multinucleated giant cells that contain refractile, unstained material consistent with silicone. Abraham and Etz 1 also used laser-Raman microprobe to confirm the presence of silicone in an enlarged axillary lymph node from a patient with a silicone elastomer finger joint prosthesis. The absence of significant numbers of foamy macrophages in lymph nodes from patients with silicone elastomer prostheses suggests that this component of the response to silicone breast implants is likely related to the fact that breast implants contain a lower molecular weight and more fluid form of silicone.
There are a few reports of changes in lymph nodes related to nonsilicone prostheses. Gray et al 26 described 2 patients with lymphadenopathy related to large joint prostheses. They suggested that the changes represented a florid reaction to fragments of polyester or polyethylene. Bauer et al 6 described a patient with a knee prosthesis that used a carbon fiber-reinforced polyethylene tibial component, who had both carbon fibers and polyethylene particles in external iliac lymph nodes.
The mechanism whereby silicone escapes from the confines of a silastic shell and then migrates to lymph nodes is unclear. Once the implant shell is ruptured, silicone gel clearly gains access to the surrounding tissues; however, even in the absence of frank implant rupture, silicone gel can leak or ''bleed'' from an implant. Bleeding refers to the slow migration of silicone gel through an intact implant shell and was described over 25 years ago. 5, 7, 63 The physical basis for socalled silicone gel bleed from a breast implant is uncertain. The rate of silicone gel bleed from intact implants has been estimated at up to 100 mg per year for older implants. 3 In one report, there was histologic evidence of silicone escape from an implant within only 12 days of the original implant insertion. 11 Once outside the implant, silicone is apparently able to migrate via lymphatic channels to gain access to regional lymph nodes. Evidence indicating migration of silicone from breast implants to various distant sites, including the upper extremity, 40 the groin, 14 the liver, 46 synovium, 55 skin, 55 and pleural fluid, 32 has also been reported. The presence of relatively large particles/droplets of silicone and polyurethane in regional lymph nodes of patients with breast implants suggests that the transit of various elements, either synthetic or biologic, from breast tissue to lymph nodes via lymphatic channels may have a significant passive component. This passive component may be an important factor in the metastatic process. Silicone and polyurethane migration from breast implants to lymph nodes may therefore represent a model that could be useful in understanding the passive component of metastasis in breast cancer. The process of migration of silicone and polyurethane to lymph nodes may also be similar to what has recently been described as ''benign mechanical transport'' of breast epithelial cells to sentinel lymph nodes. 21 The clinical significance of silicone lymphadenopathy has several different facets. In a patient who has had postmastectomy reconstructive surgery using silicone gel breast implants, the clinical differential diagnosis of regional lymph node enlargement should include silicone lymphadenopathy as well as metastatic breast cancer. In most individuals with silicone gel breast implants, who have had surgery for breast augmentation, one must also consider the potential for adverse health consequences of silicone migration to regional lymph nodes. The relationship between silicone breast implants and systemic diseases is a highly controversial issue. In two wellpublicized epidemiologic studies, the authors found no association between breast implants and a variety of specific, clinically defined connective-tissue diseases. 25, 52 A meta-analysis of research on the relationship between autoimmune diseases and silicone breast implants 33 and an Institute of Medicine review 9 also concluded that there is no clear evidence that silicone breast implants cause systemic disease. In a commentary on the safety of breast implants, Zuckerman has pointed out limitations of both the meta-analysis and the Institute of Medicine review. 66 In their epidemiologic review, Silverman et al 56 concluded that information is insufficient to establish the overall health risks related to silicone breast implants. In addition, there are numerous reports of a wide variety of symptoms in women with breast implants, including myalgias, arthralgias, fatigue, memory disturbances, and sleep disorders. 10, 20, 24, 59, 64 Some authors argue that these symptoms may be related to silicone. Furthermore, Brown et al have recently found a statistically significant link between ruptured silicone gel implants and fibromyalgia as well as other connectivetissue diseases. 12, 13 Kossovsky and Freiman have also reviewed much of the literature regarding the clinical and immunologic manifestations of silicone breast implants and has proposed a model that seeks to explain the role of silicone in inciting rheumatologic disease. 37 The findings in our study do not specifically address the controversy regarding silicone gel implants and connective-tissue disease. Nevertheless, the possibility that silicone frequently migrates to regional lymph nodes of patients with silicone gel breast implants must be considered in assessing the safety of these medical devices. Although it is clearly not the intention of implant manufacturers to introduce silicone gel into lymph nodes, this phenomenon does provide a rational basis for suggesting that silicone gel implants may have an impact on the immune system. Finally, the role of silicone in the development of lymphoma at least deserves mention since there are several case reports describing primary breast lymphoma in patients with silicone gel breast implants as well as patients with coexistent silicone lymphadenopathy and lymphoma in the same lymph node. 4, 19, 43, 50, 51, 64 
